DESERTSOF THE SOUTHWEST
L ecture Notes
R.C. Brusca

Thereis no shortage of water in the desert, but exactly the
right amount, a perfect ratio of water torock ... thereisno
lack of water here, unless out try to establish a city where no
city should be.

Edward Abbey, Desert Solitaire

DESERTS

1. What is a desert?
(1) An arid place, created by draughts — long and unpredictable periods of little or no rain.

(2) Placeswhere water is severdy limiting to life mogt of thetime,

(3) Placesthat receive an average of lessthan 10" (250mm) of rainfal annudly. Or, that receive less
than 10"of rain AND have an annua evaporation of 10" or more.

(4) A placewhere aridity, as measured by the PET/p ratio*, is 3.0 or higher.
*Potential Evapo-Trangpiration/Precipitation

* Potentid evapo-trangpiration (PET) = the water that would be lost from evaporation + transpiration if
water were present to evaporate. Estimated to be 60% of pan evaporation.

» Tucson receives about 12" (305mm) of rain/year: pan evaporation is about 100" (254cm). Tucson's
PET/ p ratio 60/12 = 5 (using the 60% estimate).

PET/p ratio 3-30 = arid desert
PET/p ratio 30 or higher = hyperarid desert

2. Amount of rainfal is corrdaed with predictability of rainfdl -- less annud precipitation = less
predictability.

3. Why isthe American southwest is a desert?

(1) A doublerain-shadow effect. Coast Range on the W (Cascades & Sierra Nevada) blocking most
of the Pacific sorms, and Rockieson the E.

(2) The horse latitudes, 301 N and S: cool dry air descends back to earth from the upper atmosphere.
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ORIGINSOF AMERICA'SSOUTHWESTERN DESERTS

1. The origins of Americas deserts were 30MY A -- uplift of the Coastal Ranges created western rain-
shadow barrier.

2. Modern landscapesin the SW developed 8-15MY A, when basin & range topography devel oped.
All of N. Americas deserts lie within the Basin & Range Province.

3. Over past 2 MY, southwest climate has experienced 15-20 glacia episodes, each lasting 10,000-
20,000 years.

4. Last extensve glaciation began drawing to a close 10,000 years ago. At itsglacid pegk, sealeve
was 450 ft (130m) lower than today. The Bering Strait was narrow and iced-over, dlowing for the
migration of humansinto the New World.

5. Today's desert communities had their origins less than 10,000 years ago, asthe last glacia ended
and climates warmed (i.e. the Holocene).

6. Records from pack rat middenstell usthat during cooler periods juniper & pine dominated S
Arizona. During warmer times, the woodlands migrated up the mountains — hence Arizonas "sky
idands.”

SW DESERT SOILS
1. Bajadas: dluvia deposits that flank desert mountains, coarser soils at top, finer soils a base.
Sonoran Desert bgjadas & dluvid deposts harbor the most diverse plant assemblages in North

America

» Bgadadluvidsaccumulate at arate of around 2 cm/year. River bottom dluvids accumulate & arate
of foot or morefyear.

2. SW desart soils accumulate 2 digtinct layers: aclay layer (the argillic horizon), and acdcite layer (the
cacic layer).

* Both are derived from wegthering of parent rocks and by wind-transported dust.

3. Argillic layers store water by preventing it from passing into deeper soil layers. Plants with shdlow
roots plants take advantage of this temporary "perched” water table (e.g. most cacti, bursage).

» Thick cdcic layers (cdliche) are dmogt like concrete, and limit the depth of root penetration by plants.
» Onthe B2C campus, Pleistocene-age clay and caliche layers have been exposed by weathering.
Red-brown soils are weethered clays, white-gray soils are weathered cdiches. The plant communities
inhabiting these 2 s0il types, and dluwvid soils, differ.
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THE HOLOCENE MEGAFAUNAL EXTINCTION EVENT
1. Inthelate Plestocenelearly Holocene, arich community of large mammas (megafauna) occupied the
SW. This assemblage included 34 species of large (>40kg) mammals -- 23 of these went extinct over the
first 2,000 years of the Holocene, 19-11,000 years ago.

» This Holocene extinction coincided with the gppearance of the first hunter-gatherersin the New
World (Clovis people).

* No extinct Holocene mamma remains have been found in archaeologica stes postdating Clovis.
* And there are many records of Clovis points associated with the large mammal kills.

* For these reasons, Paul Martin hypothesized that Clovis people drove the Pleistocene megafauna to
extinction by over-hunting during the early Holocene Period.

2. Recent clams for human occupation predeting Clovis

- Julian Hayden'swork in The Pinacate places the first human appearance in the SW at 40,000 years BP.
(based on asingle C-14 date from a midden shell, and a controversid desert varnish date).

- Monte Verde sitein S. Chileisreliably dated a 20,000 years BP.
- Recently discovered stein Virginiaisreliably dated at 18,000 years BP.
NORTH AMERICA'SFOUR GREAT DESERTS
Great Basin, Mojave, Chihuahuan, Sonoran

See accompanying summary table.

THE SONORAN DESERT

1. Extendsover 12 degrees latitude: 23°N to 35°N. More than 2/3 of it liesin Mexico (Sonora and
Bgja).

* Slimit (on mainland) is at Guaymas, where the Sonoran Desart grades into the tropical Sinaloan
Thornscrub Province.

2. A sub-tropicd desert (= Kdahari, Namib, Patagonian Deserts)

* All lieon or near the Tropics of Cancer or Capricorn and are either horse-latitude or rain-shadow
deserts.
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3. Mog griking feature of the Sonoran Desert is biseasond rainfal pattern.
» Summer tropica convection storms bring "monsoons.”

» Winter cold storm fronts from the NW Pecific bringing light rains.

* Fal and Spring are draught periods.

4. The biseasond rainfal pattern and the rarity of hard freezes gives the Sonoran Desart avery high
biodiversty. Plants & animals can specidize for two wet periods each year -- tempora partitioning of
resources by plant & anima communities.

* Freezing temperatures occur only afew nights out the yeer.
» Measured by unit area, the Sonoran Deseart is the most diverse of the American desarts.

5. Vegetation of the Sonoran Desert is derived from the humid tropics — to the south. Whereasthe
other 3 North American deserts are dominated by low shrubs, the Sonoran Desert is characterized by
large trees and columnar cacti, with only the dry lowlands being dominated by creosote-brittlebush-
bursage communities.

- Large legumetrees. e.g. paoverde, mesquite, ironwood.
- Columnar cactuses. e.g. saguaro, cardon, organ pipe, senita.
- In some areas, creosote and bursage account for up to 90% of the plant cover.

* Riparian zones aong rivers are home to the Sonoran Desert's only deciduous trees: cottonwoods,
ash, and sycamore. However, most of these rivers have become dry in historic times, due to human
exploitation of water.

6. Facts about the Sonoran Desert:

- Covers 100,000 mi? (320,000 kn), in 2 countries and 5 states.

- 130 species of mammals,

- 20 amphibians,

- 100 or so reytiles,

- 30 native freshwater fishes, &

- more than 500 birds,

- 3500 native species of plants (more than 5000 species of plants occur in the states of Sonora,
Arizona, BgaNorte and Bga Sur)

- All the world's great biomes occur within the boundaries of the Sonoran Desert: Tundra, Coniferous
Forest, Temperate Deciduous Forest, Grassdand, Chaparrd, Desert, Tropical Forest.
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BIOTIC REGIONS OF THE SONORAN DESERT

* Forrest Shreve described the unifying features of the Sonoran Desert (1950s), on the basis of plant
communities. He designated 7 regions. Turner & Brown (1982) enlarged Shreve's work using
temperature and rainfall data, producing the classfication system used by most people today. The
Turner and Brown systemn recognizes 6 regions (see handout).

Principa Regions (= Subdivisons) of the Sonoran Desert

(1) Arizona Upland — wettest Region of Sonoran Desert

(2) Lower Colorado River Valey — driest Region of Sonoran Desert
(3) Centrd Gulf Coast

(4) Plains of Sonora

(5) Vizcaino

(6) MagddenaPlain

2 other "regions’ are worth noting:
(7) Appacherian Scrub Community
(8) Riparian Communities
CONSERVATION STATUS OF THE SONORAN DESERT
1. 17% of the Sonoran Desert (inthe U.S) is protected in some way.

» The Sonoran Desert has 4 Biosphere Reserves, severa federal/state protected regions (e.g. Cabeza
Prieta Nationd Wildlife refuge), and federd protection for the idands of the Sea of Cortez.

Biosphere Reserves.

(1) Upper Gulf of Cdifornia-Colorado Delta Biosphere Reserve (942,000 ha), est. 1993.
(2) Pinacate-Gran Desierto Altar Biosphere Reserve (715,000 ha), est. 1993.

(3) Vizcaino Desert Biogphere Reserve, Bga Cdifornia

(4) Organ Pipe Nationa Monument.

2. 60% of the Sonoran Desert has been dtered by: agriculture, grazing, excessive groundwater
pumping, introduction of exatic species, and urbanization.

3. Many anima species are threatened.

» Theriverine (riparian) ecosystems of the Sonoran Desart are virtudly unprotected. Most of these
riverine systems are drying up due to dams and over-pumpage of ground water, and they are dso being
destroyed by cattle.

* 90% of the riparian areas of the Sonoran Desert have been lost in the past century.
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» Many streamsthat used to be perennid are now washes (e.g. Sdt, Gila, Santa Cruz & Rillito Rivers).
4. Mountain bgjadas and washes are where rain-water soaks into the earth to recharge the water table.
These areas are being converted to housing projects and channelized, further reducing ground
water/aguifer recharge.

5. Introduced species of high concern include tamarisk, buffelgrass, and severa other African grasses, dl
of which out-compete native species.

7/00
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